Chronic infection with hepatitis C virus (HCV) is one of the most important causes of chronic liver disease, which can progress to cirrhosis and hepatocellular carcinoma (HCC). It is well established that advanced forms of the disease are accompanied by overt and global cognitive deficits (hepatic encephalopathy) but now there is a growing evidence that the alterations in cerebral function in patients with chronic HCV infection may appear long before the development of severe liver cirrhosis, it has been hypothesized that it is related to a direct effect of HCV on the brain; or the neurotoxic effect of HCV-related systemic inflammation. The purpose of the study was to assess the possible existence of executive dysfunction in chronic HCV infected patients. One hundred elderly patients aged 60 years and above agreed to participate in this study; 50 patients were HCV positive (cases) and 50 patients were HCV negative (controls). All participants were subjected to the following: diagnosis of HCV by detection of HCV antibodies using ELISA technique, non-invasive assessment of liver condition, and evaluation of executive functions using 5 neuropsychological tests. The study showed that there was a significant difference between cases and controls regarding 2 executive function tests related to the phonological loop component of working memory among HCV positive patients. The study concluded that chronic HCV infection is accompanied by dysexecutive performance.
Study Settings
The study was carried out in geriatrics medicine department, internal medicine department and outpatient clinics in Ain Shams University hospitals, Egypt, over the period from March 2012 to March 2013. The cases have chronic HCV infection and the controls were healthy elderly recruited from patients' relatives. This study was approved by the Ethical committee of Ain Shams University. All participants provided informed written consent before participating in this study.
Methodology
All participants were subjected to complete medical evaluation (including history, general examination and abdominal examination), non-invasive assessment of liver condition by assessment of liver enzymes, serum bilirubin (total and direct), serum albumin, international normalized ratio (INR), and abdominal ultrasound. Cases of cirrhosis were excluded if the patients have physical examination denoting cirrhosis, elevated liver enzymes, elevated serum bilirubin, serum albumin (<3.5 g/dl), international normalized ratio (INR) (>1.0), or abdominal ultrasound showed liver cirrhosis.
Abdominal ultrasonography (US) is a specific, reliable, non-invasive, fast, and cost-effective test used for diagnosing cirrhosis [15] with specificity rate 82% [16] .
Diagnosis of HCV infection was done by the use of enzyme-linked immunosorbent assay (ELISA). Three ml of blood was collected from each participant in a plain tube, it was allowed to clot and separated serum was used for the test. The detection of anti-HCV in serum was achieved by using a commercially available 3 rd generation ELISA kit (Axsym HCV 3.0, Abbott Laboratories, and Chicago, IL, USA) according to the manufacturer's instructions.
Neuropsychological Assessment
Before applying the executive function evaluation tests, all participants were subjected to comprehensive geriatric assessment including cognitive function assessment using mini-mental state examination (MMSE) [17] . This was done in order to exclude cases of dementia. Also, Geriatric depression scale 15 items (GDS-15) was performed to exclude cases of depression. Normal GDS score is <5 [18] .
Assessment of executive functions was done using 5 neuropsychological tests [block design [19] , clock drawing [20] , digit span backward [19] , animal verbal fluency [21] , and the Executive Interview 25 (EXIT 25) [22] .
Several neuropsychiatric tests are sensitive to executive function such as the Wisconsin Card Sorting Test [23] , the stroop test [24] and The Tower of Hanoi test [25] . Unfortunately, these tests are difficult to administer and are seldom used as screening measures. However, other measures of executive function, such as the block design [19] , clock drawing [20] , digit span backward [19] , animal verbal fluency [21] , and the Executive Interview 25 (EXIT 25) [22] are more easily administered by clinicians [22] [26] [27] .
Block design test requires participants to use blocks to make specific designs. The designs progress in difficulty from simple two-block designs to more complex, nine-block designs. The raw score ranges from 0 to 42, this raw score is then converted into standard score. Normal standard score is ≥7 [19] .
In clock drawing test participants are asked to draw a circle and asked to draw numbers on it looks like a clock. They are then asked to draw the hands of the clock to read (10 past 11). Clock drawing is considered normal if the patient places the correct numbers, time, and the clock appears grossly normal [20] .
Digit span backward requires participants to repeat a series of numbers, ranging in length from two to eight digits, in reverse sequence immediately after they are read aloud by the examiner. Normal score is ≥4 [19] .
Animal verbal fluency requires participants to enumerate as many animals (four legged) as possible within one minute. Score ≥12 is considered normal [21] .
EXIT 25 is 25 items bedside examination of executive function that takes 15 minutes. Each item is scored zero for a perfect answer, 2 for an incorrect answer, and 1 if the patient needs prompting to obtain a correct answer. The normal score is from 0 to 15 out of 50 points. Higher score suggests impairment [22] .
Neuropsychological assessment was done blindly by trained physicians without knowing whether the participant is a case or a control.
Exclusion Criteria
The exclusion criteria included all factors affecting executive functions such as hypertension, diabetes mellitus, cerebrovascular diseases, mental retardation, dementia, depression, cardiovascular diseases, chronic kidney disease, other chronic liver diseases, severe fibrosis, liver cirrhosis, hepatitis B virus (HBV) infection, Former antiviral HCV treatment, human immunodeficiency virus (HIV) infection, and alcohol or drug abuse.
Data Management and Statistical Analysis
Data was collected and analytical statistics were done. χ 2 test was used to test the association between categorical variables. Student's t-test was used to compare the two groups' means. Multivariate logistic regression analysis was done in this study. All proposed factors to be introduced for multivariate analysis, beside that they were all biologically plausible, were significant according to the findings obtained from data analysis. The level of significance was taken at p value < 0.05. All statistical manipulation was carried out using the 15th version of SPSS (SPSS, Chicago, IL, USA).
Results
In this study, 50 patients have HCV infection (cases) and 50 patients are healthy controls. The age of cases and controls ranged from 60 to 78 years and the mean age for cases and controls were 65.08 ± 4.06 and 65.60 ± 4.95 respectively. All participants were educated ( Table 1) .
Univariate analysis revealed significant association between chronic HCV infection and Digit span backward test and EXIT 25 ( Table 2) .
Multiple logistic regression analyses showed that, chronic HCV infection significantly is an independent risk factor of poor performance in digit span backward test (p = 0.04, OR = 3.50), and EXIT 25 test (p = 0.03, OR = 15.32) ( Table 3 ).
Discussion
The current study demonstrated the existence of impaired executive functions in patients with chronic HCV infection. We used strict criteria in selecting participants. The selected cases were HCV mono-infected with no evidence of overt cirrhosis. The controls were healthy elderly having normal liver with no viral hepatitis affection. As well as, the other risk factors affecting executive functions were excluded in this study.
Forton and his colleagues [6] in their preliminary study; 27 viremic patients with hepatitis due to HCV and 16 patients with cleared HCV; have demonstrated that cognitive dysfunction is apparent in patients with HCV with and without cirrhosis but they didn't concentrate on executive functions. It is now recognized that in elderly with normal cognitive function, there may be impairment in executive functions [13] . Previous researches have shown that HCV impairs power of concentration, attention, learning and mental flexibility [6] [9] [28] . This pattern of cognitive impairment can be attributed to dysfunction of subcortical brain systems [9] [28] [29] . In this study, HCV infected patients performed significantly worse than healthy controls in executive functions tests; digit span backward test (p = 0.04, OR = 3.50), and EXIT 25 test (p = 0.03, OR = 15.32). This executive dysfunction can be attributed to dysfunction of frontal, parietal, occipital, and temporal cortices suggesting diffuse brain pathology.
Digit span backward test; assesses number registration, encoding, storage, and retrieval capacity [19] ; generated stronger activation in most areas, including the frontal (specially the right inferior frontal gyrus), the parietal, the occipital, and the temporal cortices [30] .
EXIT25; assesses planning, initiation, and regulation of complex goal-directed behavior [22] ; have been specifically associated with left frontal system structural lesions [31] .
Historically, the executive functions have been seen as regulated by the prefrontal regions of the frontal lobes, but it is still a matter of ongoing debate if that really is the case [32] . Probably the frontal lobes participate in basically all of the executive functions, but it is not the only brain structure involved [32] - [34] . There is a direct evidence for functional connectivity between the prefrontal (PFC) and the rest of the brain like occipital and parietal cortices [35] when executive functions are used. As well as, there is a line of research which suggests that executive functions control is not only limited to a number of cortical (orbitofrontal, prefrontal) regions but also subcortical (basal ganglia) regions forming a specific neurocircuitry [36] - [38] .
Hepatitis C is a member of the Flaviviridae, which is one of neurovirulent viruses. The etiology of cognitive dysfunction exhibited by patients with HCV is unknown. Previously, there was an increasing evidence suggests that there may be a direct effect of the virus on brain functioning via a "trojan horse" mechanism, similar to that hypothesized to occur in HIV-infected patients [6] .
Recently, Fletcher and McKeating in vitro studies [39] suggest that HCV may disrupt BBB integrity. In chronically infected HCV patients, the virus produces approximately 10 12 viral particles per day, which are released into the blood stream and encounter brain micro-vascular endothelial cells of the blood brain barrier (BBB). Direct viral infection of BBB endothelial cells may occur, resulting in apoptosis and BBB breakdown that could allow entry of inflammatory cytokines, viral particles and other neurotoxic substances that may affect the brain tissue and cause these neurological symptoms "executive dysfunction". This is also discussed in two studies, the first one [40] demonstrated HCV RNA in brain tissue consistent with mild neuropathologies observed in HCV infected patients. The second study; is a study of postmortem tissue; demonstrated that brain tissue from HCV infected subjects expressed significantly increased levels of proinflammatory cytokines IL-1, TNF-α, IL-12, and IL-18 [41] .
In the current study cognitive flexibility was assessed using animal verbal fluency test and it was found that there is no statistically significant difference between HCV positive patients and healthy controls. This result agreed with the results obtained by McAndrew et al. [11] who performed a study involved 37 HCV positive patients without liver cirrhosis, their cognitive flexibility was assessed using stroop interference test and the results were compared with 46 healthy controls. The results revealed intact cognitive flexibility among HCV positive patients.
In this study the visuospatial component of working memory was assessed by block design test [42] and clock drawing test [43] , while the phonological loop component was assessed by the EXIT 25 test [22] and digit span backwards [44] . The results showed a significant difference between HCV positive patients and healthy controls in the scores of EXIT 25 and Digit span backward test indicating presence of impairment in the phonological loop component of working memory but there was no significant difference between HCV positive patients and healthy controls in the scores of block Design test and clock drawing test indicating that HCV positive patients have no impairment in the visuospatial component of working memory. This agreed with the study performed by Hilsabeck et al. [44] ; the study involved 66 patients with chronic hepatitis C with mean age 45.98 years, visuospatial and visuoconstructional abilities were assessed using Rey Complex Figure Test (modified version) . The results of this study revealed that basic visuospatial and visuoconstructional abilities are relatively unaffected in patients with chronic hepatitis C who didn't develop cirrhosis.
In this study, there was no significant association between age and executive functions. This is because all participants' ages ranged from 60 to 78 years. This narrow range didn't allow us to detect the relation between age and executive functions which was reported in other researches [45] [46] . Consistent with previous findings [47] - [50] , smoking history did not appear to have deleterious effects on elderly executive functions.
Recent studies [51] [52] have shown that educational status may influence cognitive test performance. This is in agreement with this study which revealed that less-educated people performed worse than more-educated people on executive functions tests; as clock drawing test, digit span backward and animal verbal fluency test.
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Conclusion
The study showed that chronic HCV infection was accompanied by dysexecutive performance even in the absence of overt liver cirrhosis suggesting direct action of the hepatitis C virus on the brain.
Study Limitations
In this study exclusion of liver cirrhosis was determined by complete medical evaluation, laboratory assessment and abdominal ultrasound; these measures in spite of they are non invasive, fast, and cost-effective, they didn't give sure diagnosis of cirrhosis. The sure diagnosis of cirrhosis is by liver biopsy which couldn't be done as it is an invasive technique, or by the use of the non invasive measures such as fibro test or fibro scan which were not available in our hospital. As well as diagnosis of HCV infection was performed by the use of ELISA technique, it was better to be diagnosed by polymerase chain reaction (PCR).
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